Hydatid worms (Echinococcus granulosus) belong to the genus Echinococcus of the order Cyclophyllidea in the phylum Platyhelminthes. The adult worms are small and flat-shaped, parasitizing in the small intestines of canine carnivorous animals [1] , while the larvae live in the liver, lung, and other organs of humans, cattle, sheep, pigs, and other animals [2] [3] [4] [5] [6] [7] , causing cystic hydatid disease, also known as cystic echinococcosis (CE). It is a serious zoonotic disease hazardous to humans [8, 9] and livestocks [10, 11] , which is endemic in the ranges in China, particularly in Qinghai [12, 13] , Tibet, Gansu, Ningxia, Xinjiang, the western part of the Inner Mongolia Autonomous Region, Ganz and Aba, 2 Tibetan Autonomous Prefectures, Muli, the Tibetan Autonomous County in Sichuan [14] , and northwestern Shaanxi [15] . It affects a human population of about 50 million, accounting for 5% of the national population. About 100 million livestock animals are subjected to disease infection, among them more than 70% are sheep [16] .
Xinjiang is one of the China's 5 major pastoral areas. It is also the major endemic area of the diseases, where CE caused by hydatid worms is very common. This disease has therefore been listed as one of the major diseases to be prevented and controlled in Western China by the Chinese Ministry of Health. This study aimed to investigate the infection status of animals slaughtered in Urumqi, Yining, Tacheng, and Altay in Xinjiang, China with hydatid cysts.
This investigation was conducted between January 2011 and December 2012. Animals examined were all subjects during the study period at those abattoirs at the 4 governmental slaughterhouses in Xinjiang, each for 1 of the 4 regions. The areas, called Northern Xingjiang Ranges (NXR), are temperate continental with arid and semi-arid climate [17] , which are located between latitudes 44° to 48° N and altitudes 83° to 88° E (Fig. 1) Abstract: Hydatid worms, hosted by humans and animals, impose serious human health risk and cause significant livestock production loss. To better understand the disease infection status in Xinjiang, China, we investigated the disease epidemics in 4 livestock animals, i.e., cattle, sheep (both sheep and goat), camels, and horses, slaughtered at the abattoirs in Urumqi, Yining, Tacheng, and Altay areas. The results showed that the animals were infected at different rates, in the order of sheep (9.8%), cattle (8.4%), camels (6.8%), and horses (4.3%). The infection rates were found to be different between the abattoirs in various regions even for the same animals. For sheep, the rates increased significantly as the animals grew older. It was 1.9% before 1 year of age and increased to 8.2% in the age of 1-2 years, and further increased to 12.3% when the animals were 3-4 years old, and reached 17.2% when they were 5-6 year old. Sheep older than 6 years had an infection rate of 19.5%. This study demonstrates that the 4 livestock animals in the pastoral areas in Xinjiang were infected by the parasites to various extend. This study is the first systematic investigation of the hydatid worms in various livestock animals in Xinjiang, China, which provides epidemiological information about the infection of hydatid worms in livestock, and is valuable in developing strategies for prevention and control of the hydatid disease.
(9,565/14,490) of the animal slaughtered were males, and about 60% of sheep (both sheep and goats) were aged less than 1 year and about 10% were over 6 years old.
Surveys were made on the slaughtered animals at the slaughterhouses. After opening of the belly, the presence of the cysts was checked, mainly in the liver, lungs, spleen, heart, kidneys, and other organs. The organs were examined by visual inspection and palpation. When cysts were found, their quantity, morphology, and fertility were determined by visual and microscopic examinations. The cyst numbers were recorded for each affected animals and organs. Data were analyzed with the Chi square (χ 2 ) tests using the SPSS for windows software version 13.0. P-values<0.05 were considered statistically significant.
A total of 12,539 sheep, 1,407 cattle, 192 camels, and 352 horses were examined in 2 years at the 4 slaughterhouses.
Among them, the animals with hydatis cysts were 1,223, 118, 13, and 1, respectively. The infection rates and their distributions among the different organs (liver, lungs, spleen, heart, and kidneys) are shown in Table 1 . There were different infection rates in the animals, with the order of sheep (9.8%), cattle (8.4%), camels (6.8%), and horses (4.3%). However, the organ infection rates were different between the 4 animals. For sheep, the highest rate was seen in the liver (9.3%), which is significantly higher than that in lungs (2.4%), spleen (0.4%), heart (0.1%) and kidneys (0.2%) (P < 0.01). For cattle, the rates were 7.5% for the liver, not significantly different from that of the lungs (7.0%), but these 2 rates were significantly higher than that for the spleen (0.9%), heart (0%), and kidneys (0.4%) (P < 0.01). Camels had a liver infection rate of 6.8%, significantly higher than that of the lungs (4.7%) (P < 0.05). In horses, 4.3% of the livers were infected, a figure significantly higher than that of the lungs (2.8%) (P < 0.05). However, they had very low infections in other organs such as the spleen (0.3%), heart (0%), and kidneys (0%).
The types and quantities of the animals slaughtered at the 4 abattoirs are shown in Table 2 . There were different infection rates for the same animals in different locations. For sheep, the highest infection rate was seen at Yining slaughterhouse (12.5%), and the lowest at Urumqi slaughterhouse, which differed significantly (P < 0.05) each other. The camel's infection rates were found to be similar at 7.3% and 6.4% at Tacheng slaughterhouse and Altay slaughterhouse. The horse's infection rates were lower at Yining slaughterhouse (3.6%) than Altay slaughterhouse (4.8%).
To reveal the relationship between animal ages and the infection rates, we reviewed the historic data at Urumqi slaughterhouse. As shown in Table 3 , the infection rates for sheep were 1.9% before they were 1 year old, increased to 8.2% be- tween 1 and 2 years old, which climbed to 12.3% at 3 and 4 years old, and reached 17.2% at 5 to 6 years old. The animals older than 6 years were infected at 19.5%, a clear indication of positive increase of the infection with age. E. granulosus occurs worldwide while Echinococcus multilocularis is mostly in the northern hemisphere [5] . E. granulosus has adapted to a wide range of intermediate hosts [5, 8, 11, 18] , of which were livestock animals in the NXR, such as cattle, sheep, camels, and horses [3, 4, 10] , as well as humans. In this survey, we investigated the disease infections in 4 livestock animals (sheep, cattle, camels, and horses) in NXR at 4 slaughterhouses. Statistical analysis indicates that sheep had the highest infection rate. This is because sheep is the most suitable intermediate host for the disease, and may also be associated with the herding dog, which are used to guard the sheep. In addition, the herdsman often feed the dogs with inedible sheep internal organs, which often contain the parasite larvae.
Our investigation at the 4 slaughter sites also showed that there was a close relationship between the infection rates and the age of the animals. The animals surveyed at Urumqi were mostly less than 1 year old (60%). The hydatid infection rate was very low. However, the rates increased as sheep aged, indicating that older sheep have higher chance to contact the pathogen.
The survey also found that the liver and lungs are more susceptible to the parasite. This may be because these organs have special blood circulation characteristics. In the liver, blood is abundantly supplied from both portal veins and hepatic arteries; 25% of the blood flow into the liver comes from the hepatic arteries, and used as the major supply of oxygen required for the liver. The remaining 75% is from the portal veins (jointly from the veins of the stomach, intestine, spleen, and pancreas), transporting various nutrients and hazardous substances from digestive tracts to the liver to process for recycling into the body's circulation systems. The lungs have intensive capillary networks, and they are the frequent designation of the 6-hooked larvae cycled in with the blood from the intestine to continue to develop.
During the survey, we also found that the high infection rate can be partially attributed to the lack of understanding of the herdsmen to the life cycle of the worms. Most of herdsmen do not know that dogs are the major sources of the infective stage ( = eggs) of the parasite. It is therefore highly recommended that scientific educations and effective measures be undertaken in the regions to improve the awareness of disease prevention and to prevent the spread of the pathogen.
In conclusion, we investigated on the hydatid cyst infection in livestock animals in Xinjiang, China, which provided epidemiological information about hydatid infection in livestock, and is valuable in developing strategies for prevention and control of hydatid disease.
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